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ABSTRACT 
The queen conch Strombus gigas is a large herbivorous gastropod which represents one of the most important fishery resources 
of the Caribbean. High fishing pressure and destruction of its natural habitat have caused severe depletion of stocks throughout the 
region and many of the populations haven’t recovered despite of management and rehabilitation efforts. The conch’s life cycle is 
highly complex, implying various ontogenic habitat shifts and migrations. The distribution of juveniles generally is restricted to 
certain areas and the majority of the previous studies are either biased towards aspects of juvenile ecology or adult ecology, but few 
studies have addressed connectivity between nurseries and reproductive aggregations. The inlet of Xel-Há is a natural protected area 
under private administration, hosting a population of S. gigas. In the present study we assessed size distribution and mobility 
throughout the inlet using a stratified mark-recapture scheme at four sites (Cueva, Centro, Bocana and Brazo N) in order to 
determine how S. gigas uses its habitat and how the different stages of its life cycle connect in it. A total of 8,292 conch was tagged 
between 2005 and 2011. The population was composed of 70% juveniles. At Cueva, Centro and Brazo N mainly juveniles were 
captured, while at Bocana mostly adults were encountered. Mobility increased in adult and sub-adult conch and during summer 
months. Spatial distribution and mobility could be associated to length and lip thickness, suggesting that conch might undergo 
ontogenetic niche shift as they reach sexual maturity.  
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INTRODUCTION 
Strombus gigas is a large herbivorous gastropod, endemic to the Caribbean region (Abbott 1974). This species 
represents one of the most important fishery resources to the area, being the second largest fishery after the spiny lobster 
(Brownell and Stevely 1981, Chakalall and Cochrane 1996). Increasing fishing pressure and destruction of its natural 
habitat have lead to the depletion of stocks throughout the Caribbean (Stevely 1979, Berg and Glazer 1994, Stoner 1996, 
Delgado et al. 2004) and many populations have not recovered despite of ongoing management efforts (Glazer and Berg 
1994. Berg and Glazer 1995, Stoner and Ray-Culp 2000). In the 1990s, S. gigas was included into CITES Appendix 2 and 
classified by IUCN as commercially threatened (Acosta 2006). 
The conch’s life cycle is highly complex, with a pelagic larval stage, infaunal juvenile stage, epibentonic juvenile stage 
and epibentonic adult stage, implying various ontogenic habitat shifts and migrations. Up to the date, at least two types of 
migration have been described: juvenile migrations (Stoner et al. 1988, De Jesús-Navarrete and Valencia-Beltrán 2003, 
Danylchuck et al. 2003) and seasonal adult migration (Robertson 1959, Alcolado 1976, Hesse 1979, Appeldoorn 1997).  
The distribution of juveniles is generally restricted to certain areas, while adult distribution may be more extensive 
(Alcolado 1976, Appeldoorn 1987). Many of the previous studies on this species are either biased towards aspects of 
juvenile ecology or adult ecology (Appeldoorn 1987), but few studies have addressed connectivity between nurseries and 
reproductive aggregations.  
The inlet of Xel-Há is a natural protected area under private administration, hosting an important population of 
juveniles and old adult conches (Baqueiro-Cárdenas and Aldana Aranda 2010), allowing us to study the complete life cycle 
of this species in a semi-enclosed natural environment. In the present study, we assessed size distribution and mobility 
throughout the Inlet, using a stratified mark-recapture scheme at four sites (Cueva, Centro, Brazo N and Bocana), with the 
objective to determine how S. gigas uses its habitat and how the different stages of its life cycle connect in it. 
 
MATERIAL AND METHODS 
 
Study Site  
Xel-Há is located on the east coast of the Yucatan Peninsula (20°19'15''-20°18'50''N and 87°21'41''-87°21'15''W) 
(Figure 1). The area is characterized by input of freshwater from underground rivers due to karstic conditions in the 
Peninsula. Xel-Há is a highly stratified coastal lagoon that consists of a mix of fresh groundwater with seawater. The Inlet is 
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connected to the Caribbean Sea by a 100 m wide channel 
and has a total surface of 14 ha, with a center area and 
three appendices: Bocana, North Arm and South Arm. Its 
depth ranges from 0.5 – 4.5 m. (Organismo de Cuenca 
Península de Yucatán Dirección Técnica, 2008). Within the 
Inlet we sampled four sites: Cueva (6,000 m²), Brazo N 
(6,000 m²), Centro (23,000 m²) and Bocana (10,000 m²). 
 
Population Parameters 
From January 2005 to January 2008 samplings were 
carried out monthly, and from April 2009 to September 
2011 every two months. All organisms were collected in 
free-dive by three divers during 3 hours at each of the sites. 
We used mark-recapture method, marking all individuals 
with a plastic Dymo® tag, bearing a consecutive number, 
which was fixed to the spire of the conch with a plastic 
cable binder. A total of 8,292 individuals were tagged 
throughout the whole study. In order to evaluate population 
structure and size distribution, shell length and lip thick-
ness were determined for each individual, using a precision 
caliper accurate to ± 1 mm. All animals were released at 
the same location they were found.  
 
Statistical Analysis 
Population structure was determined calculating the 
relative abundance of juveniles (organisms without lip), 
subadults (organisms with lip < 5 mm) and adults 
(organisms with lip ≥ 5 mm (Appeldoorn 1988, Aldana 
Aranda and Frenkiel 2007)) within the whole Inlet and 
within each of the four sampling sites. Pie charts were 
employed to visualize results. 
Tag recovery was used to determine the number of 
animals that emigrated from their original tagging site. 
Then we calculated the percentage of juveniles, subadults 
and adults participating in these migrations, applying the 
same method as mentioned before. 
Mean shell length of migrating conch and its standard 
deviation was calculated using the program Infostat/S. In 
order to determine significant differences between shell 
length and destiny of migrations, we applied analysis of 
variance (ANOVA), using 95% confidence level. The same 
treatment of data was employed concerning lip thickness 
data. 
 
RESULTS 
The population found in the Xel-Há Inlet is mainly 
composed of juvenile organisms, representing 69% of the 
sampled population (Figure 2). Only 31% of the sampled 
animals had developed a flaring lip, of which 18% could be 
considered adults (Figure 2). 
Conch distribution showed differences throughout 
space. More than 70% of the conch found at Brazo N, 
Centro and Cueva were juveniles, while at Bocana only 
32% of the conches sampled were juveniles (Figure 3). 
Subadult abundance was lowest at Cueva (Figure 3). There 
was a strong gradient in the distribution of adults through-
out the lagoon, encountering less than 10% adults at Cueva 
and Brazo N, 12% at Centro and 58% at Bocana, the site 
that connects the lagoon to the Caribbean Sea (Figure 3). 
Figure 4 shows the origin of queen conch captured at 
each sampling site. At Cueva (Figure 4A) and Brazo N 
(Figure 4B), the majority of animals encountered were 
conches either tagged at those sites or animals without tag. 
Figure 1. Location of marine protected area Xel-Há Park, 
Quintana Roo, Mexico and sampling sites within the Inlet: 
Cueva, Brazo N, Centro and Bocana. 
Figure 2. Relative abundance (%) of juvenile (no lip), 
subadult (lip < 5 mm) and adult (with lip ≥ 5 mm) queen 
conch S. gigas, in the Xel-Há Inlet. 
Figure 3. Relative abundance (%) of juvenile (no lip), 
subadult (lip < 5 mm) and adult (with lip ≥ 5 mm) queen 
conch, S. gigas, at the four sampling sites (Cueva, Brazo N, 
Centro and Bocana), of the Xel-Há Inlet. 
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Less than 5 % of conches captured at those two sites had 
immigrated from Centro or Bocana. At Centro (Figure 
4C), also, most of the animals encountered, were animals 
without tag or tagged there. Nevertheless, up to 20% of the 
animals recovered had been originally tagged at Cueva or 
Brazo N, suggesting that animals had moved from the 
interior of the Inlet to Centro, but less than 3% of the 
animals were conches tagged at Bocana. At Bocana we 
found the highest proportion of tagged animals, most of 
which had been originally tagged there, but up to 30% of 
the recaptured animals had been marked in the first place at 
Cueva, Brazo N or Centro, indicating that animals had 
moved from the interior of the lagoon to the mouth. 
Conch mobility varied in frequency throughout the 
study period (Figure 5). Frequency of emigration from 
Cueva (Figure 5A), Brazo N (Figure 5B) and Centro 
(Figure 5C) increased over the sampled period and in the 
months from March to November, being generally highest 
in July and September. 
Most of the conches emigrating from their original 
tagging sites were adults (Figure 6). 
Figure 4. Sampling site tag composition, showing queen 
conch S. gigas captured at (A) Cueva, (B) Brazo N, (C) 
Centro and (D) Bocana, and origin of conch within the Xel-
Há Inlet (Cueva, Brazo N, Centro, Bocana or no tag). 
Figure 5. Frequency of emigration of the queen conch S. 
gigas from the four sampling sites (A) Cueva, (B) Brazo N, 
(C) Centro and (D) Bocana, of the Xel-Há Inlet. 
Figure 6. Number of juvenile (no lip), subadult (lip < 5 mm) 
and adult (with lip ≥ 5 mm) queen conch, S. gigas, which 
participated in the emigration from each of the four sam-
pling sites (Cueva, Brazo N, Centro and Bocana), of the Xel
-Há Inlet. 
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Figure 7 shows average shell length of those conches 
which emigrated from their original tagging site. In the 
case of conches emigrating from Cueva, Brazo N and 
Centro, the average size ranged from 205 to 215 mm. 
There were no significant differences between shell length 
and the destiny of movements. In the case of conches 
emigrating from Bocana, shell length was much more 
variable. 
Nevertheless, concerning lip thickness (Figure 8), we 
detected significant differences depending on the destina-
tion of migrations. Conch with thicker lips generally 
tended to migrate towards Bocana. 
 
DISCUSSION 
The conch population found at Xel-Há was mainly 
composed of juveniles. This result was consistent with 
findings of Aldana Aranda et al. (2005), who reported 
79.2% juveniles and subadults in the Inlet in the sampling 
period from 2001 – 2003. Tewfik and Bené (2000) and De 
Jesús-Navarrete et al. (2003) reported populations 
composed mainly of juveniles, but both research teams 
attribute low adult abundance to fishing impact. On the 
other hand, Hesse (1979) described populations with a 
juvenile adult ratio of 3:1, which she could attribute to 
increased mobility of adults. Fishing is prohibited in Xel-
Há, suggesting that the population composition found in 
this study is natural and can be ascribed to other factors, 
such as emigration, as this study suggests. 
We observed spatial segregation of juveniles and 
adults. This was consistent with findings of Aldana Aranda 
et al. (2005), who reported 76% juveniles in Cueva and 
82% adults in Bocana in a study conducted between 2001 
and 2003. Alcolado (1976) and Stoner and Ray (1996) 
determined that nurseries are usually restricted to certain 
sites, with special environmental features. Corporal size of 
an organism is a key aspect of its ecology, determining its 
Figure 7. Average shell length and its standard deviation of 
queen conch S. gigas that emigrated from their original 
tagging site (Origin: Cueva, Brazo N, Centro and Bocana) 
to another sampling site (Destiny: Cueva, Brazo N, Centro 
and Bocana) of the Inlet of Xel-Há. 
Figure 8. Average lip thickness and its standard deviation 
of queen conch S. gigas that emigrated from their original 
tagging site (Origin: Cueva, Brazo N, Centro and Bocana) to 
another sampling site (Destiny: Cueva, Brazo N, Centro and 
Bocana) of the Inlet of Xel-Há. 
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ability to exploit resources and susceptibility to predation 
(Werner and Gilliam 1984). Many species undergo 
extensive ontogenic shifts in food or habitat use, known as 
ontogenic niche shifts, as they increase in size. This 
phenomenon is especially well documented in aquatic 
communities (Werner and Gilliam 1984). We suggest that 
the sites in the interior of the Inlet probably function as 
nurseries while Bocana may be associated to reproductive 
activity. 
Mobility and redistribution of conches in the Inlet 
appeared to be related to size. This result was consistent 
with observations made by Hesse (1979), reporting that 
mobility increases in conches > 170 mm. in the case of Xel
-Há conch, average size of mobile conch was ~210 mm. 
Redistribution in the Inlet was related to lip thickness, 
encountering mainly older adult conch in Bocana. 
Mobility of S. gigas in the Xel-Há Inlet increased 
between May and November. Hesse (1979), Glazer et al. 
(2003) and Doerr and Hill (2007) all report increased 
mobility during the summer months. Furthermore, conch 
reproductive season has been associated to increasing 
temperatures (Stoner et al. 1992, Pérez-Pérez and Aldana 
Aranda 2002, Pérez-Pérez and Aldana Aranda 2003, 
Appeldoorn 1990), so we conclude that the observed niche 
shift may be related to the first reproduction of these 
conches. 
 
CONCLUSION 
There is evidence that conch population segregate 
spatially in function of size, which is a key aspect of the 
existence ontogenic niche in this species. Most of the Xel-
Há Inlet seems to function as a nursery, while the channel 
that connects it to the Caribbean Sea hosts mainly adults, 
suggesting that it is a reproductive site. Mobility and range 
of conch increase with size and spatial distribution could 
be attributed to lip thickness. Mobility increases during the 
summer months which may be related to reproductive 
behavior. 
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